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Chapter 3 HYDROLOGIC CONDITIONS 

 

This chapter describes hydrologic conditions in the upper Snake River basin.  This 
information is presented in three parts.  The first part, Section 3.1, provides an 
overview of the upper Snake River basin and describes the range of hydrologic 
conditions that have occurred as a result of past operations.  This includes a summary 
of the range of Federal reservoir contents and outflows.  Section 3.2 describes the 
development of an upper Snake River model used to simulate current hydrologic 
conditions and future conditions expected to occur with the 11 proposed actions.  The 
third part, Section 3.3.1, describes the modeled analysis and previous studies that 
attempt to describe the effects to lower Snake River flows from Reclamation’s 
storage and diversion operations at upper Snake River projects. 

3.1 Past Hydrologic Conditions 

3.1.1 Overview of the Upper Snake River Basin 

The Snake River begins at its headwaters near Yellowstone National Park in 
Wyoming, turns west to the Idaho border, and flows northwest to its confluence with 
the Henrys Fork near Rexburg, Idaho.  From that point, the river follows a southerly 
crescent across Idaho to the Idaho-Oregon border where it then turns north.  The 
Boise, Payette, and Weiser Rivers in Idaho and the Owyhee, Malheur, Burnt, and 
Powder Rivers in Oregon join the Snake River in this Idaho-Oregon border reach.  
The Snake River then passes through Idaho Power’s Hells Canyon Complex.  
Brownlee Dam, near RM 285, is the uppermost facility, with Oxbow and Hells 
Canyon Dams downstream.  Reclamation (2004) describes private irrigation 
development in the basin, the Federal promotion of agriculture, and Federal irrigation 
development. 

The Snake River basin upstream from Brownlee Dam drains about 72,590 square 
miles.  This area includes 31 dams and reservoirs with at least 20,000 acre-feet of 
storage each.  Reclamation, Idaho Power, and a host of other organizations own and 
operate various facilities.  These facilities have substantial influence on water 
resources, supplies, and the movement of surface and ground water through the 
region.  The total storage capacity of these reservoirs is more than 9.7 million acre-
feet.  In addition, there are numerous smaller state, local, and privately owned and 
operated dams and reservoirs throughout the upper Snake River basin. 



3.1  Past Hydrologic Conditions 

30 Final – November 2004 

The annual flow of the Snake River averages about 14 million acre-feet per year into 
Brownlee Reservoir and about 37 million acre-feet below Lower Granite Dam, 
downstream from Lewiston.  This compares to annual average flows of 135 million 
acre-feet for the Columbia River at The Dalles, Oregon (BPA 2004), and 198 million 
acre-feet at the mouth of the Columbia River (BPA et al. 2001). 

As of 2002, about 3.3 million acres were being irrigated in the State of Idaho 
(USDA 2002).  This includes some acreage outside the Snake River basin but does 
not include about 170,000 acres of land in the Snake River basin in eastern Oregon 
currently irrigated as part of Reclamation projects.  Reclamation provides a full water 
supply to an estimated 605,000 acres and a supplemental water supply to an estimated 
986,000 acres (USBR 2001b).  These estimates are derived from 1992 information 
and may be slightly higher due to minor increases in authorized areas for service 
since 1992.  Most of the lands receiving a supplemental water supply were originally 
privately developed and irrigated from natural flows but subsequently contracted for 
supplemental storage from a Reclamation project.  About 1.7 million acres are 
irrigated from entirely private water sources (USBR 1998). 

Although irrigated acreage served by Federal projects has changed little since 1959, 
total irrigation in Idaho has increased by more than 25 percent (USBR 1998).  Much 
of the new, private irrigation during this period uses groundwater. 

3.1.2 Overview of Past Reservoir Hydrologic Operations 

Appendix C provides general historical hydrologic data for river reaches and 
reservoirs to help portray the range of systems’ operations and hydrologic conditions 
that have occurred from past operations in the action areas.  These conditions have 
contributed to the current status of ESA-listed species.  The tables in Appendix C 
summarize the observed minimum, maximum, and median reservoir contents and 
outflows for the period from 1971 to 2003 for selected storage facilities.  These tables 
reflect the entire range of operations that have occurred for the period of record.  The 
tabulated data do not represent a single water year, but rather they are a composite of 
the records for each individual day within each month.  These tables contain 
companion data to the summary hydrographs presented in Appendix B of 
Reclamation’s Operations Description for Bureau of Reclamation Projects in the 
Snake River Basin above Brownlee Reservoir (2004), which provides the information 
summarized in the tables for all reservoirs included in this consultation. 

Table 3-1 shows the average volume of water released from total storage from 
Reclamation reservoirs during the summer irrigation season from 1990 to 2003 was 
about 3.3 million acre-feet.  In total, the average volume of water released in the 
upper Snake, Boise, and Payette River systems was approximately 3.0 million acre-
feet; the average volume of water released in the Owyhee River system was 
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approximately 334,000 acre-feet, and the average volume of water released in the 
remaining Oregon projects was approximately 221,000 acre-feet. 

3.1.3 Hydrologic Changes 

Hydrologic conditions (e.g., the timing and magnitude of streamflows) at many 
locations in the upper Snake River basin have changed over the past century as a 
result of numerous water development projects that involve hydropower generation, 
water withdrawals, reservoir storage, and return flows.  The construction and 
subsequent operations of Reclamation facilities have contributed to these hydrologic 
changes and the present hydrologic conditions. 

Figure 3-1, Figure 3-2, and Figure 3-3 illustrate mean monthly observed and 
estimated unregulated flow at three locations in the upper Snake River basin: the 
Snake River at Milner, Boise River at Lucky Peak, and Payette River at Horseshoe 
Bend.  Unregulated flows were developed from observed flows with the effects of 
storage, measured/estimated diversions, and measured/estimated return flows 

Table 3-1.  Average volume of water released from total storage in upper 
Snake River systems from 1990 to 2003. 

Project/Area 
Average Volume of Water Released 

During the Irrigation Season 2 
(acre-feet) 

Upper Snake above Milner 
Projects Total 

2,154,000 

Boise System 523,000 
Payette System 293,000 
Boise Project Total 816,000 
Owyhee 334,000 
Owyhee Project Total 334,000 
Beulah 37,000 
Warm Springs 93,000 
Bully Creek 19,000 
Vale Project Total 149,000 
Thief Valley 14,000 
Phillips Lake 37,000 
Baker Project Total 51,000 
Unity 21,000 
Burnt River Project Total 21,000 
Grand Total 3,525,000 
1 Does not include Mann Creek or Little Wood Projects. 

2 Average volume was obtained by subtracting minimum storage from maximum storage 
during the April-to-October irrigation season. 
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Observed and Estimated Unregulated Flows at the 
Snake River near Milner Gage
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removed.  It is calculated by removing the effects of historical reservoir operations, 
diversions, and short-term surface returns from the observed flow record.  
Unregulated flows reflect the historical river gains and typically have not been 
modified to reflect the current level of groundwater pumping, irrigation withdrawals, 
return flows, etc.  These figures provide a general comparison of current hydrologic 
conditions and how water development activities have altered the hydrology at these 
locations. 

Unregulated flows should not be confused with “modified” flows, which are 
historical streamflows adjusted to the year 2000 level of irrigation depletion.  
Modified flows are described in Section 3.2 of this chapter. 

Figure 3-1 shows that much of the water volume is diverted for irrigation before 
passing the Snake River at Milner gage.  Unregulated flows depicted in Figure 3-1 
reflect removal of the effects from Reclamation and non-Reclamation facilities.  
Figure 3-2 and Figure 3-3 reflect removal of the effects of all storage, diversion, and 
short-term return flows from Reclamation and non-Reclamation facilities.  Figure 3-2 
and Figure 3-3 show the effect reservoir regulation has on streamflows upstream from 
most irrigation activity. 

Figure 3-1.  Average monthly observed and estimated unregulated flow at the Snake River 
near Milner gage from 1928 to 2000 (observed from USGS, unregulated from MODSIM). 
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Observed and Estimated Unregulated Flows at 
the Boise River at Lucky Peak Gage
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Observed and Estimated Unregulated Flows at 
the Payette River at Horseshoe Bend Gage
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Figure 3-2.  Average monthly observed and estimated unregulated flow at the Boise River at 
Lucky Peak gage from 1971 to 2000 (from USBR Hydromet data). 

Figure 3-3.  Average monthly observed and estimated unregulated flow at the Payette River at 
Horseshoe Bend gage from 1971 to 2000 (from USBR Hydromet data). 
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3.2 Modeled Hydrologic Conditions Analysis 
Reclamation developed the Upper Snake River model using MODSIM to simulate 
current hydrologic conditions and future hydrologic conditions that would occur with 
implementation of the proposed actions.  This section provides a general description 
of model development and results.  Appendix E more fully describes the model, its 
development, and verification.  Pisces, a user interface, can be used to access the data 
contained on CD-ROM.  Tables in Appendix D summarize some of the modeled 
results. 

MODSIM is a general-purpose river and reservoir operations computer simulation 
model.  The model includes the river system features (storage reservoirs, irrigation 
demands, operational flow objectives, and reservoir contents) present in 2004.  The 
Upper Snake River MODSIM model is an updated version of the model used in 
previous Reclamation consultations on upper Snake River basin project operations.  
Previous analyses used a 1928-to-1989 gains data set modified to the year 1989 level 
of irrigation.  This analysis includes additional years in the gains data set (1928 to 
2000) and a level of irrigation modified to the year 2000.  The model results are 
monthly averages. 

3.2.1 Modeling Current Operations and the Proposed Actions 

Comparisons of observed and unregulated flows for the periods of record from either 
1928 to 2000 or 1971 to 2000, as shown in Section 3.1.3, do not adequately illustrate 
the effects of current irrigation practices, reservoir operations, and return flows.  This 
is because not all reservoirs were in place or operating the same way throughout the 
period.  Irrigation practices have also evolved. 

To establish a baseline for later analysis of the hydrologic effects attributed to the 
proposed actions, it was necessary to determine how the current reservoir operating 
priorities and current irrigation practices, including the influence of groundwater 
pumping, would have affected runoff if they were imposed on the historical record.  
To do this, Reclamation created a 1928-to-2000 data set of river gains adjusted to the 
2000 level of irrigation depletion.  This complex process ultimately added gains to the 
early years of the historical record and subtracted gains from the remainder of the 
period (see Appendix E and Larson 2003). 

After preparing the adjusted gains data set, Reclamation used its Upper Snake River 
MODSIM model to simulate reservoir operations and water distribution for two 
scenarios:  current project operations (labeled “Current_Operations”) and future 
proposed actions (labeled “Proposed_Action”).  The resulting flows from current 
operations are called “modified flows.” 
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Both simulations include provisions of flow augmentation for listed anadromous fish 
in the Snake and Columbia Rivers.  Water for salmon flow augmentation may come 
from a variety of sources, including uncontracted storage space, annual storage 
rentals from willing irrigation entities, natural flow rentals and acquisitions, and 
powerhead space.  The calculations for how much salmon flow augmentation water 
Reclamation can provide in a given year include factors for: 

• The availability of water in the rental pools based on past contributions. 

• The availability of natural flow rentals. 

• The volume of Reclamation space that has refilled from the previous year. 

• The availability of water that can be released from reservoir space reserved for 
powerhead. 

Current Operations 

This simulation models the hydrologic conditions of Reclamation’s current operations 
using operational criteria reflective of current river operation practices and applied to 
the water supply record from 1928 to 2000.  Current river operations practices refer to 
meeting today’s irrigation demand (all 1991-to-2000 recorded diversions based on 
water supply), flood control operation rules, target recreation reservoir levels, and 
target instream flow levels.  This simulation includes provision of up to 427,000 acre-
feet of salmon flow augmentation water through storage releases and acquired and 
leased natural flows.  Flows past Milner Dam are limited to a maximum of 1,500 cfs.  
No water in powerhead space is available for flow augmentation from Palisades 
Reservoir or Lake Walcott. 

Proposed Actions 

The Proposed Action scenario simulates future hydrologic conditions with 
implementation of the proposed actions (the storing, releasing, and diverting of project 
water).  This simulation uses the same assumptions as the Current Operations 
simulation with additions to reflect the proposed actions, including an additional annual 
acquisition of 60,000 acre-feet of natural flow rights below Milner Dam for flow 
augmentation.  Natural flow is assumed to be leased or acquired from high-lift pumpers 
during the flow augmentation period.  The maximum volume of flow augmentation to 
be provided in a given year is 487,000 acre-feet.  In those years when rental water is 
scarce, Reclamation will make available up to 78,500 acre-feet (or accrual, if less) of 
Palisades Reservoir powerhead space as a last resort to achieve up to 427,000 acre-feet 
for flow augmentation (conditions for use of powerhead are described in 
Appendix B.1.2).  In very dry years, Reclamation may allow up to 30,000 acre-feet of 
uncontracted space in the Payette River basin for irrigation rental on a temporary basis 
as described in the Term Sheet (Nez Perce Tribe et al. 2004) and in Appendix B.2. 
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This simulation also modifies the timing of flow augmentation at Milner Dam; in 
most years, flow augmentation is modeled as being released in July and August with 
flows up to 2,500 cfs.  In dry years, flow augmentation is modeled as beginning in 
June.  As described in Appendix B, augmentation in the proposed actions will begin 
after the maximum reservoir fill is achieved and after flood releases past Milner Dam 
are complete.  This will normally occur after June 20, resulting in maximum releases 
for flow augmentation of less than 2,500 cfs.  However, flow augmentation releases 
may be delayed until after July 4 due to late runoff.  In such cases, releases of up to 
3,000 cfs may be necessary before the end of the flow augmentation period in order to 
satisfy USFWS ramping criteria.  The monthly computer simulation cannot capture 
the complexities of daily ramping criteria combined with variable start and end dates.  
Therefore, the modeled monthly average flows in Appendix D will not precisely 
reflect the daily flow rates, especially below Milner Dam. 

Model Calibration 

The Current Operations model was calibrated to closely simulate observed river flows 
and reservoir operations since 1992.  Reclamation has operated the reservoirs 
consistently since 1992 while attempting to meet salmon flow augmentation 
objectives.  Figure 3-4 shows a graphic comparison of the calibration at the Snake 
River at Weiser gage.  Appendix E provides more examples. 

Figure 3-4.  Modeled current conditions versus observed monthly average flows at the 
Snake River at Weiser gage (1990-2000). 
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3.2.2 General River and Reservoir Modeled Results for the 
Proposed Actions 

Reclamation developed Pisces, a software interface, to view the modeled output for 
the computer simulations.  Appendix E contains a CD-ROM with this interface.  
Through this interface, a user can view the following modeled output as either tables 
or graphs: 

• Time series data for river flows and reservoir contents and elevations (a time 
series is a hydrograph for the period of record). 

• Exceedance data for river flows and reservoir contents and elevations (an 
exceedance curve shows how often a river reach or reservoir equals or 
exceeds a specific flow or volume). 

The data are output as monthly average flows or end-of-month reservoir contents or 
elevations and define a simulated range of operations at these facilities.  This data is 
available for the Current Operations and Proposed Action scenarios.  Tables in 
Appendix D show modeled minimum, maximum, and median end-of-month reservoir 
contents by month and average monthly reservoir outflows for some proposed 
actions. 

The species’ chapters also include modeled data relevant in describing specific 
hydrologic conditions and how these relate to the species population numbers, 
distribution, and related parameters with regard to analyzing the proposed actions’ 
effects.  The CD-ROM in Appendix E allows access to the complete modeled results 
for additional reservoirs and river nodes.  Pisces also displays hydrologic data 
reflecting actual operations.  This is historical operations presented as monthly 
averages, not modeled data. 

The following four figures (Figure 3-5 through Figure 3-8) show how flows and 
reservoir contents differ between the modeled results from current operations and the 
proposed actions using the 1990-to-2000 period of record.  It is readily apparent that 
the hydrologic differences between the two scenarios are small. 
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Current Operations and Proposed Action Modeled 
Flows at the Snake River near Moran Gage
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Figure 3-5.  Modeled results from current operations and the proposed actions for 
flows at the Snake River near Moran gage (near Jackson Lake Dam) from 1990 to 
2000. 

Figure 3-6.  Modeled results from current operations and the proposed actions for 
reservoir contents at American Falls Reservoir from 1990 to 2000. 
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Current Operations and Proposed Action Modeled 
Flows at the Snake River at Milner Gage
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Figure 3-7.  Modeled results from current operations and the proposed actions for 
flows at the Snake River at Milner from 1990 to 2000. 

Figure 3-8.  Modeled results from current operations and the proposed actions for 
reservoir contents at Arrowrock Reservoir from 1990 to 2000. 
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3.2.3 Salmon Flow Augmentation Model Results 

Under current operations, the model predicts Reclamation could supply at least 
427,000 acre-feet in 50 percent of years.  This is far less than originally computed in 
Reclamation’s amended biological assessment (2001a), which suggested 
427,000 acre-feet would be available with 80 percent reliability if powerhead was not 
available.  Previous analyses assumed the irrigation community would be far more 
willing to rent water for flow augmentation than has been reflected in recent years.  
The current Upper Snake River MODSIM model computes flow augmentation 
contributions based on the irrigators’ recent past behavior (from 1992 to 2004) as 
related to reservoir carryover and anticipated runoff volume. 

The modeled results show that the proposed actions are more likely to provide 
427,000 acre-feet for salmon flow augmentation than the current operations (see 
Table 3-2 and Figure 3-9).  The proposed actions are estimated to supply at least 
427,000 acre-feet or more in roughly three-fourths of the water years and as much as 
487,000 acre-feet in slightly less than half the water years. 

Historically, Reclamation has provided 427,000 acre-feet or close to this volume in 
about 62 percent of the years since 1992, when it first committed to providing up to 
427,000 acre-feet for salmon flow augmentation.  Recently, Reclamation has not been 
able to provide a full 427,000 acre-feet beginning in 2001 due to drought conditions.  
The Snake River at Heise gage, 2001, 2002, 2003, and 2004 have been among the 

Figure 3-9.  Exceedance curve comparing the likelihood of providing annual flow 
augmentation volumes for the modeled current operations and proposed action 
scenarios. 
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driest years of record.  Taken consecutively, they represent the driest four-year period 
of record.  Tables D-3 and D-4 in Appendix C show the volumes of salmon flow 
augmentation Reclamation has provided historically from the upper Snake River 
basin since 1991 and the storage sources for these volumes. 

3.2.4 Modeled Flows at Lower Granite and McNary Dams 

NOAA Fisheries (2000) identified spring and summer flow objectives for salmon and 
steelhead at Lower Granite and McNary Dams on the Snake River and Columbia River, 
respectively, in biological opinions covering FCRPS operations (see Table 3-3). 

The Upper Snake River MODSIM database and output do not extend to control points 
below Brownlee Dam.  In order to quantify potential flow effects at Lower Granite and 
McNary Dams from Reclamation’s proposed actions (including the storage, release, 
and diversion of project water), it was necessary to integrate flows above Brownlee 
Dam with those of reservoirs in the FCRPS.  This was accomplished by using BPA’s 
Hydrosim model output.  The Hydrosim run used was FRIII_03SN6704, which reflects 
the current biological opinion operation for the FCRPS. 

To adequately address the hydrologic impacts downstream from Brownlee Dam 
attributable to Reclamation’s proposed actions, the output from the FRIII_03SN6704 
run needed to be adjusted to reflect the modeled inflows to Brownlee Reservoir.  The 
original Brownlee Reservoir discharges in the Hydrosim run were adjusted by the 
outputs from the Upper Snake River MODSIM model for the Current Operations and 

Table 3-2.  Likelihood of providing various volumes of salmon flow augmentation for 
the modeled current operations and the proposed action scenarios. 

Probability of Equaling or Exceeding with: Flow Augmentation 
Volume (acre-feet) Current Operations Proposed Action 

487,000 0 percent 45 percent 
427,000 50 percent 76 percent 
300,000 73 percent 87 percent 

Table 3-3.  Seasonal flow objectives and planning dates for the Snake and Columbia Rivers 
(from NOAA Fisheries 2000). 

Spring Summer 
Location 

Dates Objective 1 Dates Objective 1 
Snake River at Lower 
Granite Dam 4/03 - 6/20 85,000 to 100,000 cfs 6/21 - 8/31 50,000 to 55,000 cfs 

Columbia River at 
McNary Dam 4/10 - 6/30 220,000 to 260,000 cfs 7/01 - 8/31 200,000 cfs 

1 Objective varies according to water volume forecasts. 
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Proposed Action scenarios.  This was done by computing the difference between the 
Brownlee Reservoir inflows used in the Hydrosim model run with those computed by 
Reclamation’s MODSIM output.  That difference in flow was then added to (or 
subtracted from) the FRIII_03SN6704 flow values at Lower Granite and McNary 
Dams to produce new flow values at these locations. 

Reclamation’s Upper Snake River MODSIM model used a 1928-to-2000 period of 
record, while the Hydrosim run used a 1929-to-1978 period of record.  Therefore, the 
MODSIM generated inflows to Brownlee Reservoir for the 1929-to-1978 period were 
used in adjusting the Hydrosim runs. 

Table 3-4 and Table 3-5 show the modeled flows at Lower Granite and McNary Dams 
for current operations and the proposed actions at the 10, 50, and 90 percent 
exceedance levels.  During the fall and winter (from October through December), there 
is no difference in flows at McNary and Lower Granite Dams between the modeled 
current operations and the proposed actions flows.  Generally, at Lower Granite Dam 
flows are slightly less or the same from January through March and in September with 
slightly more flow from April through August for the proposed actions compared to 
current operations.  In drier years (at the 90 percent exceedance), the proposed actions 
result in a greater percentage increase in flows.  A similar effect to flows occurs at 
McNary Dam.  For all the months, the differences in flows are small. 

3.3 Flow Effects in the Lower Snake River at 
Brownlee Reservoir 

Current hydrologic conditions in the lower Snake River at Brownlee Reservoir are the 
result of numerous upstream water development activities, including, but not limited 
to, hydropower development, private and Federal irrigation and flood control 
projects, and municipal and industrial diversions and discharges.  Reclamation’s 
construction and subsequent operations of its project facilities have contributed to 
these conditions.  Influences from Reclamation’s O&M activities have influenced the 
hydrologic conditions in the Snake River for almost a century beginning with the 
construction of the Minidoka Project.  All facilities associated with the proposed 
actions have been operating for at least 40 years. 

Previous ESA consultations for Reclamation’s O&M activities in the upper Snake 
River basin have included consumptive use analyses to describe hydrologic effects.  
Most recently, Reclamation developed a modeled analysis for this consultation to 
identify and isolate the hydrologic effects in the lower Snake River at Brownlee 
Reservoir resulting from past and present storage, release, and diversion operations at 
these associated facilities.  This modeled analysis is described first; the subsequent 
sections review previous hydrologic studies. 
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Table 3-4.  Modeled Lower Granite Flows for the 10, 50, and 90 percent exceedance levels for the 
period of record from 1929 to 1978. 

 10 percent  50 percent  90 percent 

Month 
Current 

Operations 
(cfs) 

Proposed 
Action 

(cfs) 
 

Current 
Operations 

(cfs) 

Proposed 
Action 
(cfs) 

 
Current 

Operations 
(cfs) 

Proposed 
Action 

(cfs) 
October 28,833 28,833  23,753 23,748  18,822 18,820 

November 27,281 27,281  20,083 19,715  15,843 15,842 
December 51,658 51,658  29,633 29,388  16,896 16,896 
January 64,144 63,661  32,854 32,765  21,533 21,533 

February 61,107 61,016  35,427 35,427  15,794 15,783 
March 76,082 75,658  43,976 43,930  25,551 25,551 
April 110,386 110,216  69,078 69,144  32,976 33,077 
May 160,548 160,744  106,284 106,480  68,944 69,139 
June 164,398 164,600  97,682 97,827  53,541 54,896 
July 69,497 70,271  53,263 53,545  40,890 42,172 

August 34,735 34,921  30,581 30,801  19,182 19,683 
September 24,973 24,973  21,371 21,371  17,381 17,346 

Table 3-5.  Modeled McNary Flows for the 10, 50, and 90 percent exceedance levels for the 
period of record from 1929 to 1978. 

 10 percent  50 percent  90 percent 

Month 
Current 

Operations 
(cfs) 

Proposed 
Action 

(cfs) 
 

Current 
Operations 

(cfs) 

Proposed 
Action 
(cfs) 

 
Current 

Operations 
(cfs) 

Proposed 
Action 

(cfs) 
October 127,567 127,567  106,992 106,992  101,714 101,712 

November 140,426 140,426  117,897 117,896  111,621 111,621 
December 196,842 196,842  127,131 127,131  113,746 113,746 
January 250,847 250,847  176,272 176,222  100,338 100,338 

February 234,941 234,941  142,163 142,140  90,167 90,197 
March 203,077 202,979  139,296 139,250  95,814 95,814 
April 278,383 278,484  189,170 189,271  104,306 104,407 
May 390,721 390,916  272,238 272,433  144,682 144,877 
June 403,069 403,271  265,243 265,445  166,371 166,573 
July 281,040 281,455  203,635 204,111  148,696 149,929 

August 194,679 194,865  162,493 162,812  121,774 121,894 
September 114,071 113,834  91,354 91,351  81,049 81,049 



3.3  Flow Effects in the Lower Snake River at Brownlee Reservoir 

44 Final – November 2004 

3.3.1 Modeled Analysis  

Reclamation completed a simulation study to analyze a “Without Projects Operations” 
scenario; this scenario isolates the flow effects at Brownlee Reservoir that are 
attributable to the combined effects of storing and releasing project water from project 
reservoirs, of diverting project water at downstream points of delivery, and of return 
flows.  Larson (2004) more fully describes this simulation study.  This scenario 
simulates the hydrologic conditions that would occur if Reclamation’s facilities were 
not operating but with all non-Reclamation operations continuing.  This simulation is 
an artificial scenario that makes no assumptions as to how water users would have 
reacted had Reclamation not built the dams, headworks, canals, or secured natural flow 
water rights.  Removing the Reclamation dam operations means that rivers run through 
empty reservoirs.  In addition, project water is not stored, released, or diverted. 

Creating the “Without Projects Operations” Scenario 

Reclamation modified the Current Operations data set from the Upper Snake River 
MODSIM model described in Section 3.2 to create a “Without Projects Operations” 
scenario.  The Current Operations data set input was modified to remove Reclamation 
reservoirs, storage contracts, diversions, and natural flow rights associated with 
Reclamation development.  Adjustments were made to local gains by various 
methods in each of the major sub-basins. 

Table 3-6 shows the Reclamation reservoirs and associated storage contracts removed 
from the Current Operations model data sets to develop a “Without Projects Operations” 
scenario.  Space assignments in Henrys Lake and Blackfoot Reservoir were assumed to 
remain as in the Current Operations data set.  All operational target flow objectives (such 

Table 3-6.  Federal storage and diversion facilities and associated actions to develop a “Without 
Projects Operations” scenario. 1 

Storage Facility Action  Diversion Facility Action 
Jackson Lake Dam Removed  Cascade Creek Diversion Dam Not modeled 
Grassy lake Dam Removed  Minidoka Northside Headworks  Diverts 40% of natural flow right  
Island Park Dam Removed  Minidoka Southside Headworks Diverts 40% of natural flow right 
American Falls Dam Removed  Unit A Pumping Plant Removed 
Minidoka Dam Removed  Milner-Gooding Canal Headworks Removed 
Palisades Dam Removed  Falls Irrigation Pumping Plant  Removed 
Ririe Dam Removed  Tunnel No. 1  Removed 
Little Wood River Dam Removed  Dead Ox Pumping Plant Removed 
Owyhee Dam Removed  Ontario-Nyssa Pumping Plant Removed 
Anderson Ranch Dam Removed  Gem Pumping Plants #1 and #2 Diverts private natural flow only 
Arrowrock Dam Removed  Boise River Diversion Dam  Diverts private natural flow only 
Hubbard Dam Not modeled  Black Canyon Diversion Dam  Diverts private natural flow only 

Deer Flats Dam Removed    

1 Project facilities and operations associated with the Vale, Mann Creek, Burnt River, and Baker Projects were not included in the Upper Snake River 
MODSIM model and therefore are not modeled in the “Without Projects Operations” simulation.  Storage facilities associated with these projects 
include Warms Springs, Agency Valley, Bully Creek, Mann Creek, Unity, Mason, and Thief Valley Dams.  Diversion facilities associated with 
these projects include Harper Diversion Dam, Bully Creek Diversion Dam, Mann Creek Dam Outlet, and Savely Dam and Lilley Pumping Plant. 
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as flood control or minimum flows) were removed.  With the exception of privately held 
natural flow water rights, diversions to Reclamation facilities were shut off.  Table 3-6 
also summarizes Reclamation diversions that were removed from the Current Operations 
data set.  These include all diversion of project water. 

Gains to the Snake River above King Hill associated with Reclamation activities were 
adjusted using response functions from the Eastern Snake Plain Aquifer (ESPA) 
regional groundwater model (Johnson et al. 1998; Johnson and Cosgrove 1999).  
Adjustments to the gains in the Boise, Payette, the mainstem of the Snake River 
downstream of King Hill, and Owyhee River basins were made using estimated water 
budgets to derive “return flow factors.”  This approach is very different from those 
done in previous analyses.  Appendix E and Larson (2003) more fully address the 
development of the gains data set. 

Findings 

Developing a “Without Projects Operations” scenario was an academic exercise to 
isolate the effects of Reclamation operations on Brownlee Reservoir inflow.  
Brownlee Reservoir inflows were compared in two scenarios:  a Current Operations 
scenario, which reflects year 2000 levels of irrigation demands, diversions, and 
depletions; and a hypothetical “Without Projects Operations” scenario, which 
contains the same demands but less delivery and depletions because there would be 
less water available during the demand season.  Table 3-7 summarizes this 
comparison for three individual years, representing dry (1992), average (1995), and 
wet (1997) water conditions. 

Table 3-7.  Modeled change of flow into Brownlee Reservoir for a dry (1992), average (1995), and wet (1997) year. 

 
1992 
Dry 

1995 
Average 

1997 
Wet 

Month 
Current 

Operations 
(cfs) 

Without 
Projects 

Operations 
(cfs) 

Hydrologic 
Change 1 

(cfs) 

Current 
Operations 

(cfs) 

Without 
Projects 

Operations 
(cfs) 

Hydrologic 
Change 1 

(cfs) 

Current 
Operations 

(cfs) 

Without 
Projects 

Operations 
(cfs) 

Hydrologic 
Change 1 

(cfs) 

October 11,180 8,857 2,323 10,700 13,727 -3,026 14,214 13,003 1,211 

November 13,450 17,759 -4,309 10,805 15,682 -4,877 15,332 21,903 -6,571 

December 12,174 16,086 -3,912 10,924 16,937 -6,014 19,236 26,383 -7,147 

January 9,644 14,422 -4,778 15,430 20,285 -4,855 45,509 42,694 2,815 

February 12,181 18,339 -6,158 17,585 26,218 -8,633 40,346 28,839 11,508 

March 10,201 16,545 -6,344 21,236 31,038 -9,802 41,518 34,909 6,609 

April 9,608 11,050 -1,442 24,882 29,731 -4,850 50,753 49,337 1,416 

May 7,470 8,828 -1,358 34,058 50,002 -15,944 53,582 81,494 -27,912 

June 6,954 4,328 2,626 30,597 51,284 -20,686 43,271 67,606 -24,335 

July 5,646 3,863 1,783 14,660 13,225 1,435 17,976 16,761 1,215 

August 5,030 3,437 1,593 9,900 4,597 5,303 15,351 6,974 8,376 

September 6,923 5,395 1,528 11,259 6,916 4,344 13,292 9,314 3,978 

1 Change in flow attributed to Reclamation operations (Current Operations minus Without Projects Operations). 
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Removing Reclamation reservoirs, diversion facilities, and all diversion of project 
water dramatically changes the timing of flows in the Snake River.  Natural flow 
irrigation diversions usually begin in April.  Project storage releases normally follow 
in June.  Reclamation’s operations generally decrease flows in the Snake River and its 
tributaries from November through June.  Flood control evacuations are the exception 
to this pattern in years of high runoff like 1997 (see Table 3-7 on page 45).  
Reclamation’s operations increase flows in the Snake River from late July until early 
October.  Without Reclamation, river reaches would dry up completely in some years 
because private natural flow diversions would take the entire river flow.  This would 
most often occur in summer and early fall.  Affected reaches include the Snake River 
at Blackfoot, the Snake River at Milner, and the Payette River at Payette.  This is 
illustrated in time series plots for the years 1990 through 2000 (see Figure 3-10 
through Figure 3-12). 

This analysis also suggests that the annual return flow to the Snake River would also 
be diminished without Reclamation operations.  The “Without Projects Operations” 
scenario results in more water remaining in the Snake River because storage 
deliveries are shut off, natural flow deliveries associated with Reclamation activities 
are halted, and evaporation losses are reduced.  The annual average difference in 
flows at Brownlee Reservoir, comparing flows without Reclamation operating to 
flows with Reclamation operating, was determined to be 2.01 million acre-feet. 

Figure 3-10.  Modeled flows at the Snake River at Blackfoot gage showing Current 
Operations versus Without Projects Operations for the years from 1990 to 2000. 
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Snake River at Milner 1990-2000
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Figure 3-11.  Modeled flows at the Snake River at Milner gage showing Current 
Operations versus Without Projects Operations for the years from 1990 to 2000. 

Figure 3-12.  Modeled flows at the Payette River at Payette gage showing Current 
Operations versus Without Projects Operations for the years from 1990 to 2000. 
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3.3.2 Summary of Previous Studies 

The effects to lower Snake River flows from O&M of upper Snake River projects 
have been evaluated in previous ESA consultations.  These studies have involved 
simple consumptive use analyses, which was the best scientific information available 
at the time.  The following summarizes these study findings. 

Reclamation’s June 2000 Consumptive Use Study 

Reclamation (2000) provided NOAA Fisheries with a consumptive use analysis in 
June 2000.  An annual consumptive use estimate of approximately 3.8 million acre-
feet was determined based on approximately 1.6 million acres of combined full 
service and supplemental lands served by Reclamation storage facilities multiplied by 
an average estimated crop consumption of 2.33 acre-feet per acre.  Return flows were 
calculated as the monthly water deliveries from Reclamation storage facilities minus 
consumptive use.  Return flows were then routed back to the Snake River where they 
were not subject to later diversion. 

The annual consumptive use estimate of 3.8 million acre-feet took into account all 
lands irrigated with Reclamation storage water as described in the 1992 Summary 
Statistics, Water, Land, and Related Data (USBR 1992).  The 3.8 million acre-feet 
estimate did not take into account natural flow deliveries through Reclamation canals.  
Return flows from Reclamation irrigation were not subject to diversion as “natural” 
flows and therefore were assumed to eventually flow to Brownlee Reservoir. 

This analysis was done without any simulation modeling.  Based on the computed 
monthly consumptive use values, effects to flows in the lower Snake and Columbia 
Rivers were assessed. 

Reclamation’s 2001 Upper Snake Supplemental Biological Assessment 

In response to peer review comments, Reclamation updated the June 2000 
consumptive use analysis (USBR 2000) when preparing its April 2001 supplemental 
biological assessment.  The 1.6 million acres used in the analysis described above 
was adjusted to 930,000 “equivalent acres” served by Reclamation storage facilities.  
About 986,000 acres of the original 1.6 million acres were private lands that received 
supplemental water for about one-third of their water supply (Sutter 2000).  
Therefore, these private acres were adjusted to 325,410 acres receiving a full supply 
for computational purposes (approximately one-third of 986,000 acres). 

The 2.33 acre-feet consumptive use average value used in the earlier analysis was 
adjusted to 1.72 acre-feet to reflect antecedent moisture conditions and effective 
summer precipitation.  The 930,000 equivalent acres were then multiplied by an 
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average estimated crop consumption of 1.72 acre-feet per acre.  Return flows and 
routing were done similar to the June 2000 analysis.  This analysis estimated the 
average annual consumptive use as 1.6 million acre-feet compared to 3.8 million 
acre-feet in the June 2000 study. 

The 1.6 million acre-feet consumptive use estimate did not take into account natural 
flow deliveries through Reclamation canals.  It also did not take into account that 
return flows from Reclamation are subject to diversion as “natural” flows and may 
never appear at Brownlee Reservoir.  The analysis was done without any simulation 
modeling.  Reclamation recognized these analysis limitations and stated so in its 
supplemental biological assessment (USBR 2001b): 

“[B]ecause return flows from one project may be intercepted or diverted by other downstream 
users, there is no certainty that water currently intercepted by Reclamation dams and later released 
would remain in the Snake River, that is to say, there is no guarantee that water would not be 
diverted by junior water rights holders.” 

Comparison of Previous Studies to the Current Analysis of Flow Effects in the 
Snake River 

The current modeled “Without Projects Operations” analysis described in this 
biological assessment is not directly comparative to Reclamation’s June 2000 
consumptive use analysis (USBR 2000) or the April 2001 supplemental biological 
assessment (USBR 2001b).  The consumptive use studies described above did not 
fully reflect Reclamation’s influence on water development in the region. 

The modeled “Without Projects Operations” simulation developed for this biological 
assessment is Reclamation’s first attempt to assess impacts based on actual measured 
data: historical diversions, historical streamflows, historical river gains, and legal 
water rights.  Historical gains were adjusted to the 2000 level of irrigation 
development.  An attempt was made to address changes in return flows.  In the Snake 
River above King Hill, return flows were routed with response functions generated by 
the ESPA groundwater model (Johnson et al. 1998; Johnson and Cosgrove 1999).  A 
monthly surface water model (MODSIM) was used to derive delivery capability with 
the local gains’ adjustments.  Reservoir evaporation was taken into account.  
Consumptive use and return flow efficiencies are products of model calibration with 
observed data.  This recent study reflects the best scientific information quantifying 
the hydrologic effects of Reclamation’s upper Snake River operations. 
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